Glaucoma, the leading cause of irreversible vision loss,^[@i1552-5783-60-10-3275-b01]^ is characterized by the loss of retinal nerve fiber layers, narrowing of neuroretinal rim, and cupping of the optic nerve head (ONH) including loss of prelaminar tissues and bowing of lamina cribrosa (LC).^[@i1552-5783-60-10-3275-b02],[@i1552-5783-60-10-3275-b03]^ There is mounting evidence to suggest that the ONH and adjacent tissues are exposed to many mechanical loads such as intraocular pressure (IOP),^[@i1552-5783-60-10-3275-b02],[@i1552-5783-60-10-3275-b04]^ cerebrospinal fluid pressure (CSFP),^[@i1552-5783-60-10-3275-b05]^ central retinal artery blood pressure,^[@i1552-5783-60-10-3275-b06]^ and optic nerve traction^[@i1552-5783-60-10-3275-b07],[@i1552-5783-60-10-3275-b08]^ in a complex and dynamic behavior.

Around the posterior foramen, the inner third of scleral fibers becomes the scleral flange that anchors to the LC by thick columns of the connective tissues with enlarged bases at the periphery.^[@i1552-5783-60-10-3275-b09],[@i1552-5783-60-10-3275-b10]^ Since the peripapillary sclera (PPS) is a mechanical boundary for the ONH in principle, the role of the PPS in ONH biomechanics has been studied with relevance to glaucoma. Computational^[@i1552-5783-60-10-3275-b11][@i1552-5783-60-10-3275-b12]--[@i1552-5783-60-10-3275-b13]^ and ex vivo studies^[@i1552-5783-60-10-3275-b14],[@i1552-5783-60-10-3275-b15]^ have reported that the PPS significantly affects the deformation of the LC following acute IOP elevations. An ex vivo study with porcine eyes has reported that stiffening the PPS with glutaraldehyde reduces LC deformations.^[@i1552-5783-60-10-3275-b16]^ Moreover, in vivo human studies^[@i1552-5783-60-10-3275-b17][@i1552-5783-60-10-3275-b18]--[@i1552-5783-60-10-3275-b19]^ report that acute IOP elevations deform LC posteriorly or anteriorly depending on the size and stiffness of the scleral canal.

Although the biomechanics of the PPS has been studied ex vivo extensively, studies on the scleral morphology adjacent to the ONH are lacking, especially in vivo. The morphology, thickness, and material properties of the PPS may be important for glaucoma pathophysiology,^[@i1552-5783-60-10-3275-b20][@i1552-5783-60-10-3275-b21]--[@i1552-5783-60-10-3275-b22]^ but the thickness, morphology, and shape of the PPS in living human eyes have been difficult to assess and quantify owing to limitations in technology.

With advances in optical coherence tomography (OCT) technology, it is now possible to visualize the sclera or the interface between the sclera and choroid.^[@i1552-5783-60-10-3275-b23][@i1552-5783-60-10-3275-b24]--[@i1552-5783-60-10-3275-b25]^ Sibony et al.^[@i1552-5783-60-10-3275-b26]^ report that Bruch\'s membrane (BM) in healthy adults is a v-shaped configuration with its peak pointing toward the orbital tissues but they have not assessed the PPS. In this study, we aimed to define the shape of the PPS quantitatively, and how it is affected by age and other clinical/ocular parameters.

Methods {#s2}
=======

Subject Recruitment {#s2a}
-------------------

Subjects were identified from the Singapore Chinese Eye Study (SCES), a population-based cohort study of ethnic Chinese subjects, aged 40 to 80 years, residing in southwestern Singapore. The recruitment protocol and study design of the SCES have been reported in detail.^[@i1552-5783-60-10-3275-b27]^ In brief, the SCES was conducted to detect the prevalence and impact of major eye diseases among Chinese in Singapore. From 6350 names, an eligibility rate of 70% and a response rate of 75% were assumed to obtain the estimated target sample size of 3300 subjects with an age-stratified random sampling method.

A total of 3353 Chinese adults (72.8% response rate) participated in SCES1 and 2661 adults (87.7% response rate) attended in SCES2 after 6 years. The right eyes of 648 consecutive participants from SCES2 were analyzed in this substudy. Written informed consent was obtained from all participants. The study had the approval of the institutional review board of the SingHealth Centralized Institutional Review Board and adhered to the tenets of the Declaration of Helsinki.

Exclusion Case Definition {#s2b}
-------------------------

We excluded subjects defined as glaucoma or glaucoma suspects from the study. Glaucoma suspects were defined as those fulfilling any of the following criteria: (1) IOP \> 21 mm Hg, (2) vertical cup to disc ratio (VCDR) \> 0.6 or VCDR asymmetry \> 0.2, (3) abnormal anterior segment deposit consistent with pseudoexfoliation or pigment dispersion syndrome, (4) narrow anterior chamber angle (posterior trabecular meshwork is not seen in ≥2 quadrants by dark room gonioscopy), and (5) peripheral anterior synechiae.

Glaucoma cases were defined by the presence of glaucomatous optic neuropathy, defined as VCDR of \>0.7 and/or neuroretinal rim narrowing with an associated visual field defect. The latter was defined if the following were found: (1) glaucoma hemifield test outside normal limits, (2) a cluster of ≥3, nonedge, contiguous points on the pattern deviation plot, not crossing the horizontal meridian with a probability of \<5% being present in age-matched normals (one of which was \<1%) and (3) pattern standard deviation \< 0.05; these were repeatable on two separate occasions. Reliability criteria for visual field test were defined as \<20% fixation losses, \<33% false-negative error, and \<33% false-positive error, as recommended by Humphrey Instruments, Inc. (Dublin, CA, USA).

Optical Coherence Tomography Imaging and Analysis {#s2c}
-------------------------------------------------

The ONH of each subject was imaged with enhanced depth imaging spectral-domain OCT (SD-OCT; Spectralis, Heidelberg Engineering, Germany). Each OCT volume scan consisted of 97 serial horizontal B-scans (30-μm distance between B-scans; 384 A-scans per B-scan; 20 B-scans averaging) that covered a rectangular area of 15° × 10° centered on the ONH.^[@i1552-5783-60-10-3275-b18],[@i1552-5783-60-10-3275-b19]^

Raw OCT images were postprocessed and enhanced by using adaptive compensation to reduce blood vessel shadows and to improve the visibility of the LC and PPS.^[@i1552-5783-60-10-3275-b28][@i1552-5783-60-10-3275-b29]--[@i1552-5783-60-10-3275-b30]^ For each eye, postprocessed OCT volumes were resampled to obtain a central B-scan in the fovea-disc direction with a reference to the subject-specific fovea axis ([Supplementary Fig. S1](#iovs-60-08-10_s01){ref-type="supplementary-material"}) and the central B-scan was analyzed with custom-written MATLAB (MathWorks, Inc., Natick, MA, USA) algorithms.

The position of the anterior LC and PPS was defined by a sharp increase in axial signal intensity extending laterally from the PPS to the LC through the LC insertion points.^[@i1552-5783-60-10-3275-b31]^ Bruch\'s membrane opening (BMO) was defined as the end point of the BM layer (or the retinal pigment epithelium/BM complex) on either side of the ONH.^[@i1552-5783-60-10-3275-b32]^ BMO was manually marked and a peripapillary ring was drawn from the center of BMO with the inner and outer radius of 1200 μm and 1800 μm, respectively.^[@i1552-5783-60-10-3275-b33]^ The anterior surface of the PPS and BM within the ring were then manually delineated. The anterior surface of LC was also manually delineated ([Fig. 1](#i1552-5783-60-10-3275-f01){ref-type="fig"}).

![Illustration of measurement of Bruch\'s membrane angle and of the peripapillary scleral angle. (A) Illustration of a v-shaped Bruch\'s membrane angle, α; (B) Illustration of an inverted-v shaped PPS angle, θ(−); (C) The measurement of the depth of anterior surface of the lamina cribrosa (LC depth) from the peripapillary sclera reference plane; (D) Illustration of a v-shaped PPS angle, θ(+).](i1552-5783-60-10-3275-f01){#i1552-5783-60-10-3275-f01}

Using the aforementioned delineations, our custom algorithms derived the following parameters.^[@i1552-5783-60-10-3275-b18],[@i1552-5783-60-10-3275-b19]^

### Bruch\'s Membrane Angle (BM Angle) {#s2c1}

The BM angle was defined as an angle between a line parallel to the nasal BM and one parallel to the temporal BM. A negative value indicates that the anterior BM surface follows an inverted v-shaped configuration (peak pointing toward the vitreous), whereas a positive value indicates that it follows a v-shaped configuration (peak pointing toward the orbital tissues) ([Fig. 1](#i1552-5783-60-10-3275-f01){ref-type="fig"}A).

### Peripapillary Scleral Angle (PPS Angle) {#s2c2}

The PPS angle was defined as the angle between a line parallel to the nasal side of the anterior boundary of the sclera and another line parallel to the temporal side. As for BM, a negative value denotes an inverted v-shaped configuration of the PPS, while a positive value indicates a v-shaped configuration ([Figs. 1](#i1552-5783-60-10-3275-f01){ref-type="fig"}B, [1](#i1552-5783-60-10-3275-f01){ref-type="fig"}D). Possible configurations of peripapillary scleral shapes, with corresponding angles, are illustrated in [Supplementary Figure S2](#iovs-60-08-10_s02){ref-type="supplementary-material"}.

### Lamina Cribrosa Depth (LCD) {#s2c3}

The LCD was defined as the distance from each anterior LC point to the PPS reference plane line in the central one-third of the length of BMO. The PPS reference plane was defined as a line connecting the outermost points of the anterior surface of the PPS ring. The mean depth of all LC points on the anterior LC surface was reported as the mean LC depth ([Fig. 1](#i1552-5783-60-10-3275-f01){ref-type="fig"}C).

### Peripapillary Choroidal Thickness (ChT) {#s2c4}

The ChT was defined as the thickness between the BM and PPS boundaries within the peripapillary ring and represented as the mean thickness in micrometers ([Fig. 1](#i1552-5783-60-10-3275-f01){ref-type="fig"}A).

Validation of Grading {#s2d}
---------------------

Repeatability of the segmentation of the images was evaluated by performing intra- and interrepeatability tests on the measurements of the BM and PPS angles. A subset of 40 images was selected by using simple random sampling method and delineated by a single observer. The same observer repeated the image segmentation in a random order after a 2-week interval for intraobserver repeatability. A different observer delineated the same set of images in a random order for the interobserver repeatability.

Statistical Analysis {#s2e}
--------------------

Statistical analyses were performed with SPSS statistics for Windows (version 19.0; IBM Corp, Armonk, NY, USA). Continuous variables were described with means and standard deviations. We used linear regression models to assess the relationship of the PPS angle and of the BM angle with their determinants. We used Bland-Altman analysis of MedCalc (Windows v14.12.0; Mariakerke, Belgium) to compare the inter- and intraobserver repeatability of segmentation. Statistical significance was set at *P* \< 0.05.

Results {#s3}
=======

Demographic and Clinical Characteristics {#s3a}
----------------------------------------

Of the 648 healthy subjects, 619 subjects were included in the final analysis after excluding 29 subjects (4.48%) whose OCT images had poor scleral visibility. [Table 1](#i1552-5783-60-10-3275-t01){ref-type="table"} shows the demographic and clinical characteristics of the study participants. Most subjects were male (325/619, 52.5%) with a mean age of 60.23 ± 7.36 years. The mean PPS angle was 3.68° ± 6.73°, and the BM angle was 9.69° ± 5.05°. The PPS angle increased on average by 0.233 deg/y.

###### 

Demographic and Ocular Characteristics of the 619 Study Subjects

  Characteristics                           Mean (SD) or *n* (%)
  ----------------------------------------- ----------------------
  Age, y                                    60.23 (7.36)
  Sex, male                                 325 (52.5%)
  Best corrected visual acuity, unit        0.11 (0.11)
  Spherical equivalent, diopter             −0.21 (2.38)
  Intraocular pressure, mm Hg               14.47 (2.4)
  Central corneal thickness, μm             554.54 (32.65)
  Anterior chamber depth, mm                3.36 (0.36)
  Axial length, mm                          24.05 (1.24)
  Average corneal curvature, mm             7.65 (0.27)
  Retinal nerve fiber layer thickness, μm   98.1 (10.08)
  Choroidal thickness, μm                   158.4 (53.98)
  Lamina cribrosa depth, μm                 363.65 (95.36)
  Bruch\'s membrane angle, deg              9.69 (5.05)
  Peripapillary scleral angle, deg          3.68 (6.73)

Relationship of BM Angle and/or PPS Angle With Its Determinants {#s3b}
---------------------------------------------------------------

An increase in the v-shaped configuration of the BM angle was significantly associated with longer axial length (Axl) (*β* = 0.089, *P* = 0.028), greater ChT (*β* = 0.295, *P* \< 0.001), deeper LCD (*β* = 0.443, *P* \< 0.001), increased PPS angle (*β* = 0.479, *P* \< 0.001), and thinner retinal nerve fiber layer thickness (RNFL) (*β* = −0.13, *P* = 0.011) ([Table 2](#i1552-5783-60-10-3275-t02){ref-type="table"}).

###### 

Linear Regression Models: Bruch\'s Membrane Angle With Its Determinants

  Variables                                 Univariable   Multivariable Model 1   Multivariable Model 2                         
  ----------------------------------------- ------------- ----------------------- ----------------------- ------------- ------- -------------
  Age, y                                    −0.01         0.802                   −0.022                  0.61                  
  Sex, male                                 0.032         0.429                   −0.001                  0.986                 
  Best corrected visual acuity, unit        0             0.991                                                                 
  Spherical equivalent, diopter             −0.066        0.11                    0.052                   0.322                 
  Intraocular pressure, mm Hg               0.011         0.776                   0.006                   0.874                 
  Central corneal thickness, μm             −0.058        0.148                   −0.024                  0.539                 
  Axial length, mm                          0.089         **0.028**               0.19                    **0.001**     0.17    **\<0.001**
  Anterior chamber depth, mm                0.004         0.92                                                                  
  Average corneal curvature, mm             0.006         0.89                                                                  
  Retinal nerve fiber layer thickness, μm   −0.13         **0.011**               −0.102                  **0.014**     −0.09   **0.017**
  Choroidal thickness, μm                   0.295         **\<0.001**             0.49                    **\<0.001**   0.497   **\<0.001**
  Lamina cribrosa depth, μm                 0.443         **\<0.001**             0.171                   **\<0.001**   0.167   **\<0.001**
  Peripapillary scleral angle, deg          0.479         **\<0.001**             0.437                   **\<0.001**   0.444   **\<0.001**

The variables that may influence the Bruch\'s membrane angle were included in the multivariable model 1, and the variables that were significant in the univariable analysis were included in model 2. Bold values indicate statistical significance.

An increase in the v-shaped configuration of the PPS angle was also significantly associated with increasing age (*β* = 0.254, *P* \< 0.001), poorer best corrected visual acuity (BCVA) (*β* = 0.135, *P* = 0.001), longer Axl (*β* = 0.085, *P* = 0.036), deeper LCD (*β* = 0.446, *P* \< 0.001), increasing BM angle (*β* = 0.479, *P* \< 0.001), thinner central corneal thickness (CCT) (*β* = −0.092, *P* = 0.022), and reduction in ChT (*β* = −0.305, *P* \< 0.001) ([Table 3](#i1552-5783-60-10-3275-t03){ref-type="table"}).

###### 

Linear Regression Model: Peripapillary Scleral Angle With Its Determinants

  Variables                                 Univariable   Multivariable Model 1   Multivariable Model 2                          
  ----------------------------------------- ------------- ----------------------- ----------------------- ------------- -------- -------------
  Age, y                                    0.254         **\<0.001**             0.092                   **0.003**     0.087    **0.004**
  Sex, male                                 −0.003        0.945                   −0.045                  0.121                  
  Best corrected visual acuity, unit        0.135         **0.001**               0.042                   0.143         0.042    0.148
  Spherical equivalent, diopter             −0.052        0.21                                                                   
  Intraocular pressure, mm Hg               −0.004        0.922                                                                  
  Central corneal thickness, μm             −0.092        **0.022**               −0.014                  0.607         −0.013   0.637
  Axial length, mm                          0.085         **0.036**               −0.027                  0.375         −0.038   0.2
  Anterior chamber depth, mm                0.016         0.692                                                                  
  Average corneal curvature, mm             −0.049        0.228                                                                  
  Retinal nerve fiber layer thickness, μm   −0.066        0.2                                                                    
  Choroidal thickness, μm                   −0.305        **\<0.001**             −0.475                  **\<0.001**   −0.479   **\<0.001**
  Lamina cribrosa depth, μm                 0.446         **\<0.001**             0.313                   **\<0.001**   0.307    **\<0.001**
  Bruch\'s membrane angle, deg              0.479         **\<0.001**             0.484                   **\<0.001**   0.487    **\<0.001**

The variables that may influence the peripapillary scleral angle were included in the multivariable model 1, and the variables that were significant in the univariable analysis were included in model 2. Bold values indicate statistical significance.

Multivariable linear regression analysis showed that longer Axl (*β* = 0.17, *P* \< 0.001), greater ChT (*β* = 0.497, *P* \< 0.001), deeper anterior LC surface (*β* = 0.167, *P* \< 0.001), thinner RNFL (*β* = −0.09, *P* = 0.017), and a v-shaped posterior sclera (*β* = 0.444, *P* \< 0.001) were independently associated with a v-shaped BM configuration ([Table 2](#i1552-5783-60-10-3275-t02){ref-type="table"}).

A v-shaped PPS configuration was independently associated with increasing age (*β* = 0.087, *P* = 0.004), reduction in ChT (*β* = −0.479, *P* \< 0.001), deeper LCD (*β* = 0.307, *P* \< 0.001), and a v-shaped BM configuration (*β* = 0.487, *P* \< 0.001) after adjusting for BCVA, CCT, and Axl ([Table 3](#i1552-5783-60-10-3275-t03){ref-type="table"}). A schematic, illustrating morphologic changes as a function of age and other clinical/demographic parameters, is shown in [Figure 2](#i1552-5783-60-10-3275-f02){ref-type="fig"}.

![Illustration of the determinants of the peripapillary scleral angle in healthy eyes\
An increase in the v-shaped configuration of the PPS is associated with increasing age, longer axial length, thinner central corneal thickness, thinner peripapillary choroidal thickness, worse vision, and an increase in lamina cribrosa depth.](i1552-5783-60-10-3275-f02){#i1552-5783-60-10-3275-f02}

Intra- and Interobserver Repeatability of Image Grading {#s3c}
-------------------------------------------------------

Bland-Altman analysis of BM angle measurement showed that the mean difference was 0.413 (−0.051, 0.878, 95% confidence interval limit) for intraobserver repeatability and the mean difference was −0.003 (−0.428, 0.42, 95% confidence interval limit) for interobserver variability. The limits of agreement (LOA) for intraobserver variability was from −2.435 (−3.236, −1.634, 95% confidence interval limit) to 3.262 (2.461, 4.063, 95% confidence interval limit). The LOA for interobserver variability was from −2.601 (−3.331, −1.871, 95% confidence interval limit) to 2.593 (1.863, 3.323, 95% confidence interval limit) ([Figs. 3](#i1552-5783-60-10-3275-f03){ref-type="fig"}A, [3](#i1552-5783-60-10-3275-f03){ref-type="fig"}C).

![Bland-Altman plots of intra- and interobserver repeatability of image grading\
Intraobserver repeatability of image grading of Bruch\'s membrane angle (A) and the peripapillary scleral angle (B); interobserver repeatability of image grading of Bruch\'s membrane angle (C) and the peripapillary scleral angle (D) are illustrated. The pink lines represent the regression lines of differences and the brown red lines indicate the 95% confidence interval of limits of agreement.](i1552-5783-60-10-3275-f03){#i1552-5783-60-10-3275-f03}

Bland-Altman analysis of PPS angle measurements showed that the mean difference was −0.242 (−0.946, 0.462, 95% confidence interval limit) for intraobserver repeatability and the mean difference was 0.436 (−0.396, 1.267, 95% confidence interval limit) for interobserver variability. The LOA for intraobserver variability was from −4.557 (−5.77, −3.343, 95% confidence interval limit) to 4.072 (2.859, 5.286, 95% confidence interval limit). The LOA for interobserver variability was from −4.662 (−6.095, −3.228, 95% confidence interval limit) to 5.533 (4.1, 6.967, 95% confidence interval limit) ([Figs. 3](#i1552-5783-60-10-3275-f03){ref-type="fig"}B, [3](#i1552-5783-60-10-3275-f03){ref-type="fig"}D).

Discussion {#s4}
==========

In this study, we provided simple morphologic parameters to assess the shape of BM and of the anterior sclera in the peripapillary region through a single horizontal scan. This was performed in a cohort of healthy Chinese subjects. On average, the anterior surface of BM and of the PPS had a characteristic v-shaped configuration with its peak pointing toward the orbit. Their configurations ranged from an inverted v-shaped (but with relatively flat profile) to a more pronounced v-shaped configuration. For the PPS, the v-shaped configuration was more prominent with increasing age, worse vision, thinner cornea, greater axial length, thinner peripapillary choroid, and deeper anterior LC. Establishing and quantifying the morphology of the ONH could be critical in our understanding of ONH biomechanics.

The v-Shaped Configuration of the PPS Becomes More Pronounced With Age {#s4a}
----------------------------------------------------------------------

In our study, we assessed the shape of the anterior sclera, an important load-bearing tissue of the eyes, and found that its shape was a characteristic v-shaped configuration in elderly Chinese eyes. The v-shaped configuration of the PPS (or the obliqueness of the boundaries of the PPS) was more obvious with advancing age ([Fig. 2](#i1552-5783-60-10-3275-f02){ref-type="fig"}). The reason for the v-shaped configuration in older adults is not exactly known. It is possibly due to the degeneration of ONH connective tissues (e.g., elastin) and thinning of the sclera^[@i1552-5783-60-10-3275-b34],[@i1552-5783-60-10-3275-b35]^ that occur in the course of aging. Furthermore, a reduction in CSFP after the age of 50 years^[@i1552-5783-60-10-3275-b36]^ may play a role in age-related PPS changes. This reduction in CSFP may increase the translaminar pressure difference and may alter the PPS configuration in old age. Optic nerve traction forces generated throughout a lifetime of eye movements may be another possible influence. Studies^[@i1552-5783-60-10-3275-b07],[@i1552-5783-60-10-3275-b08],[@i1552-5783-60-10-3275-b37]^ have shown that optic nerve traction during horizontal eye movements is able to pull the globe and deform the ONH. These traction forces may increase owing to age-related tissue stiffening (especially of the dura) and could affect the growth and remodelling of peripapillary tissues. This would result in a more v-shaped configuration in older subjects. Since the links between peripapillary tissue morphology and eye movements are still speculative, further studies are required to verify their potential relationships.

A more oblique PPS boundary was in general associated with a more oblique neural canal.^[@i1552-5783-60-10-3275-b38]^ This oblique morphologic feature of the connective tissue in old age (which is the most common risk factor for glaucoma) may contribute to damage and posterior deformation when IOP increases in susceptible eyes. However, the clinical importance of these features and their usefulness in the management of glaucoma remain to be determined because the current study included only healthy eyes. Additionally, individual-specific changes in PPS shape with age could not be assessed in this study, and a longitudinal study is required to confirm our findings.

In additional to PPS shape, our results of BM shape are consistent with those of Sibony et al.^[@i1552-5783-60-10-3275-b26]^ who report that the shape of BM in healthy eyes generally follows a v-shaped configuration.

The Shape of the PPS Is Associated With Other Ocular Factors {#s4b}
------------------------------------------------------------

Histologic studies have shown that the sclera is the thinnest in the PPS region in monkeys^[@i1552-5783-60-10-3275-b39]^ and humans.^[@i1552-5783-60-10-3275-b40]^ Ren et al.^[@i1552-5783-60-10-3275-b40]^ have reported that the thickness of PPS decreases significantly with increasing axial length, but its thickness is not different between glaucoma and control eyes. They therefore have hypothesized that the thickness of the PPS might not change remarkably in the process of glaucoma.^[@i1552-5783-60-10-3275-b40]^ It is likely that the material properties and/or the shape of the PPS may be features that are remodelled in glaucoma pathogenesis.

In our study, we found that a more pronounced v-shaped configuration of the PPS was associated with a longer eyeball (increasing Axl) and a smaller CCT ([Fig. 2](#i1552-5783-60-10-3275-f02){ref-type="fig"}). Unfortunately, owing to the limitations of OCT, we were not able to measure the thickness of the PPS. Imaging of this parameter might be possible with the development of longer-wavelength imaging techniques with deeper tissue penetration. We speculate that not only a thin sclera but also a pronounced v-shaped configuration may cause less resistance to mechanical insults of high IOP and play a role in glaucoma vulnerability.

We found that this v-shaped configuration of PPS was independently associated with a deeper cup of the ONH after adjusting for age, BCVA, ChT, CCT, and Axl. A large disc with a deep cup is thought to be more susceptible to pressure damage and may need to be monitored more closely.^[@i1552-5783-60-10-3275-b41]^ Thus, an eye with a deep cup and a v-shaped PPS may be risk factors for glaucoma that need to be monitored closely. However, longitudinal studies are required to confirm such a hypothesis.

Tissue remodelling due to aging or disease alters not only the biomechanical properties of the ONH tissues but also their geometry (shape, thickness, and position) and the orientation of collagen fibers. Such changes will modify the biomechanical environment of the ONH, which could precipitate the progression of glaucoma. While techniques to assess the biomechanical properties and fiber orientation of ONH tissues in vivo are underway,^[@i1552-5783-60-10-3275-b42][@i1552-5783-60-10-3275-b43]--[@i1552-5783-60-10-3275-b44]^ to date, only ONH morphology can be assessed clinically. Thus, we may consider morphologic parameters of ONH connective tissues, such as those proposed herein, for rapid clinical translation in order to better diagnose, risk profile, and ultimately manage glaucoma.

The strengths of the current study included a large population-based sample and a standardized study methodology. However, our study had a number of limitations. First, the population was exclusively Chinese, and our results may not be applicable to other ethnic groups. Second, only one B-scan was used to describe the 2-dimensional shape of the BM and of the PPS. Whilst this horizontal scan through the ONH was centered on the fovea to minimize any torsion, the horizontal area is not the one that changes very much in glaucoma. In fact, the areas where the double humps of the RNFL exist are the ones that change the most with glaucoma. Hence it might be more useful to target these areas in future. Alternatively, a 3-dimensional shape definition may be required. Third, limited visibility of the LC and of the PPS in some SD-OCT images weakened our methodology.

In summary, the anterior surface of the PPS in older adults followed a v-shaped configuration and was more pronounced with increasing age, thin peripapillary choroid, and a deep cup.
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